Introduction {#s0001}
============

Fabry's disease (OMIM \#301500) is an X-linked inherited, rare disorder. The disease is progressive and affects multiple organs, particularly the heart, the kidney, and the central nervous system. It causes varying degrees of organ dysfunction due to lysosomal glycosphingolipid accumulation. The gene involved in Fabry's disease is located on X chromosome in the position Xq22 and called as GLA gene. Mutations in GLA gene give rise to decreased α-galactosidase A enzyme (α-Gal A) activity, resulting in accumulation of glycosphingolipids, in particular, globotriaosylceramide (Gb3) intracellularly.[@CIT0001] Accumulation of Gb3 in renal podocytes, tubular cells, mesangial cells, renal interstitial cells, cardiomyocytes, cardiac fibroblasts, nerve cells, and endothelial cells causes structural and functional abnormalities. Globotriaosylceramide accumulation, especially in capillary endothelial cells, leads to microvascular obstruction, resulting in ischemic tissue injury, which has been advocated as the main pathogenic mechanism.[@CIT0001]^,^[@CIT0002]

Fabry's disease presents with variable clinical phenotypes in a broad spectrum of progressive disease.[@CIT0001]^,^[@CIT0003]^,^[@CIT0004] Three phenotypes such as the classic, cardiac, and renal variants have been described.

The classic phenotype usually becomes symptomatic in childhood and characterized by angiokeratoma, hypohidrosis, corneal and lenticular opacities, acroparesthesia, abdominal pain, and hearing impairments. Multi-organ involvement develops in the course of the disease. The renal disease often begins with microalbuminuria and proteinuria in the second to third decades of life and its severity increases with age. The end-stage renal disease usually ensues in the fourth to fifth decades of life.[@CIT0001]^,^[@CIT0005] The cardiac involvement typically presents before the age of 30 years and characterized by concentric symmetrical left ventricular hypertrophy, arrhythmias, valvular abnormalities, and premature coronary artery disease.[@CIT0005]^,^[@CIT0006] Transient ischemic attack and ischemic stroke are frequently observed, and its prevalence is ∼13% owing to small vessel events.[@CIT0007] The life expectancy in the classic phenotype is decreased by ∼20 years due to end-stage renal disease and life-threatening cardiovascular or cerebrovascular complications.[@CIT0005]^,^[@CIT0008]

In classic phenotype of Fabry's disease, the level of α-Gal A activity is below 1%, which is the major determinant of the ultimate pathological and clinical phenotypes. Cardiac and renal phenotype**s** usually have 2--20% a-galactosidase A activity. Therefore, the disease manifestations present during the sixth to eighth decades of life with predominantly one organ system involvement.[@CIT0001]^,^[@CIT0009] Since this is an X-linked recessive disease, the affected heterozygous females were reported presumably due to the pattern of X-chromosome inactivation. Vital organ involvement in females occurs at a later age when compared to the affected males.[@CIT0010]

The worldwide prevalence of the classic phenotype of Fabry's disease has been estimated approximately as 1 in 117,000 to 1 in 476,000.[@CIT0011]^,^[@CIT0012] The actual prevalence is probably higher than the existing data, particularly when late-onset phenotypes are taken into consideration. Fabry's disease is usually diagnosed approximately with a delay of 20 years due to its rarity, the lack of awareness among clinicians, the diversity of findings, and the absence of specific symptoms.[@CIT0005] Prevalence studies have often been performed in specific sub-groups, such as dialysis patients and the prevalence in hemodialysis patients has been reported to be 0.15--1%.[@CIT0004]^,^[@CIT0005]^,^[@CIT0013]^,^[@CIT0014] Although there is no benefit from the point of renal outcomes in end-stage renal disease, the early diagnosis of the disease prior to the development of end-stage renal disease can yield beneficial renal outcomes. Additionally, the establishment of the diagnosis can be beneficial for managing involvements of other organs. In the case of timely diagnosis, treatment using available recombinant enzyme replacement improves outcome. Therefore the early diagnosis and initiation of therapy are the mainstays of an effective treatment.[@CIT0015]

There are lack of data concerning the prevalence of Fabry's disease in chronic kidney disease patients not on dialysis. This study aimed to determine the prevalence of Fabry's disease in chronic kidney disease population.

Methods {#s0002}
=======

The present study is a cross-sectional, analytic, multicenter study. The patients older than 18 years, enclosing the kidney disease definitions, not on dialysis of "Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease 2012 Guidelines"[@CIT0016] were enrolled into the study. Patients who had been transfused within the last 6-month period were excluded. Totally, 1453 patients were screened in seven nephrology clinics located at Aydın, Denizli, İzmir, and Muğla in Turkey. The objectives, methods, targets and the potential hazards of the study were explained to all individuals. All patients were informed and gave their informed consents before participating in the study. General physical examination was carried out. Age and gender were recorded, and arterial blood pressure was measured in all patients. Demographic data, patients' history, basic laboratory results such as serum creatinine, urinalysis, and daily urinary protein losses were recorded from the patients' medical charts.

Blood collection {#s0003}
----------------

Two milliliters of venous blood sample was obtained from every patient. Blood samples were impregnated to four chambers of Guthrie paper, allowed to dry at room temperature, and stored at room temperature avoiding direct sun exposure until the analysis.

Measurement of α-Gal A activity and mutation analysis {#s0004}
-----------------------------------------------------

Dried venous blood spots on Guthrie papers were used to analyze enzyme activity and genetic testing when required. The α-Gal A enzyme activity was determined by a fluorescence-based high throughput microplate method using the method by Chamoles et al.[@CIT0017] The enzyme activities were calculated in μmol/L/h, and the patients with the enzyme activity ≤1.2 μmol/L/h were considered to have low α-Gal A activity and referred for genetic analysis.[@CIT0018]

Genetic analysis was performed by DNA Sanger sequence analysis in individuals with equal-lower than 1.2 μmol/L/h enzyme activity. Genomic DNA was isolated from dried blood spots. In this assay, to detect mutations in GLA gene, polymerase chain reaction amplification was followed by Sanger DNA sequencing. The 1.45-kb GLA gene consists of seven exons and encodes a polypeptide of 429 amino acids, including the first 31 amino acid residues forming a lysosomal signal peptide. Purified genomic DNA of exons 1--7 of the GLA gene were isolated by polymerase chain reaction amplification. Coding sequences and flanking intronic sequences were amplified to each of the seven exons and sequenced in the forward and reverse directions. Sequencing of a single exon is available for targeted mutation analysis. All α-Gal A enzyme activities and genetic testing were performed by ARCHIMED Life Science GmbH Laboratories Vienna, Austria.

Statistical analysis {#s0005}
--------------------

Statistical evaluations were performed using the Statistical Package for Social Sciences for Windows, version 17 (SPSS Inc., Chicago, IL) software package. Quantitative variables were expressed as mean ± standard deviation and qualitative variables as numbers and percentages (n, %). The accordance of quantitative data with normal distribution was examined with the Kolmogorov--Smirnov test.

Approval of the ethics committee {#s0006}
--------------------------------

The study was presented to the local ethics committee of clinical research at Adnan Menderes University, School of Medicine and received approval with the decision number of 56989545/050.04--26, dated 14.02.2014.

Results {#s0007}
=======

A total of 1453 chronic kidney disease patients, not on dialysis, from seven nephrology clinics located at Aydın, Denizli, Izmir, and Muğla in Turkey were screened. The mean age of the study population was 59.3 ± 15.9 years. 45.6% of patients were female. In the study population, decreased creatinine clearance (below 60 mL/min/1.73 m^2^), proteinuria and isolated microscopic hematuria were the main criteria of enrollment in the study in 77.3%, 8.4% and 2.5% of patients, respectively. Hypertension, diabetes mellitus, history of cardiac disease and history of stroke were present in 75.5%, 36.8%, 27.1%, and 7.4% patients, respectively.

The mean serum creatinine and 24-h protein excretion rates were 2.1 ± 1 mg/dL and 1543 ± 2678 mg/day, respectively ([Table 1](#t0001){ref-type="table"}). The mean α-Gal A enzyme activity was 2.93 ± 1.92 μmol/L/h. In 152 (17%; 86 males, 64 females) out of 1453 patients, α-Gal A enzyme activity was ≤1.2 μmol/L/h, which was considered as a positive screening test. The genetic mutation testing was performed in all 152 patients with depressed enzyme activity. Mutations in the GLA gene unique to Fabry's disease were observed in three male patients ([Table 2](#t0002){ref-type="table"}). In mutation analysis using sequential DNA analysis technique in exons and introns, A143T and D313Y variants were documented. All three patients were in older ages: Case 1 was at the age of 70 years and had a hemizygote \[937G \> T\] p.\[D313Y\]) mutation, Case 2 was 83 years old and had a hemizygote \[427G \> A\] p.\[A143T\] mutation and Case 3 was 66 years old and had a hemizygote \[937G \> T\] p.\[D313Y\]) mutation. All three patients had moderate renal insufficiency, serum creatinine clearance values being 33.3 mL/min/1.73 m^2^ (creatinine 1.95 mg/dL), 38.2 mL/min/1.73 m^2^ (creatinine 1.81 mg/dL), 30.3 mL/min/1.73 m^2^ (creatinine 2.30 mg/dL), respectively. The patients in whom the mutation was detected were clinically evaluated at Adnan Menderes University, School of Medicine, Nephrology Department. The multidisciplinary evaluation of the patients was carried out by the same physicians from each discipline.

###### 

Demographic and laboratory features of patients.

  Parameter                      Female (*n* = 656, 45.6%)   Male (*n* = 783, 54.4%)   Total (*n* = 1453, 100%)
  ------------------------------ --------------------------- ------------------------- --------------------------
  Age (year)                     58.2 ± 16.7                 60.1 ± 15.2               59.3 ± 15.9
  Systolic BP (mm/Hg)            128.1 ± 19.6                131.3 ± 20.5              129.8 ± 20.1
  Diastolic BP (mm/Hg)           75.3 ± 9.7                  76.1 ± 10.3               75.7 ± 10.0
  Body mass index (kg/m^2^)      28.5 ± 5.7                  27.3 ± 4.8                27.9 ± 5.3
  Urea (mg/dL)                   65.4 ± 40.2                 67.5 ± 39.4               66.5 ± 39.7
  Serum creatinine (mg/dL)       1.9 ± 1.1                   2.2 ± 1.0                 2.1 ± 1.0
  Serum albumin (g/dL)           4.0 ± 0.5                   4.0 ± 0.6                 4.0 ± 0.6
  Sodium (meq/L)                 139.0 ± 3.5                 138.6 ± 3.5               138.8 ± 3.5
  Potassium (meq/L)              4.7 ± 0.6                   4.7 ± 0.6                 4.7 ± 0.6
  Calcium (mg/dL)                9.2 ± 0.7                   9.1 ± 0.7                 9.2 ± 0.7
  Phosphorus (mg/dL)             3.8 ± 0.8                   3.7 ± 0.9                 3.7 ± 0.8
  Hemoglobin (g/dL)              11.6 ± 1.6                  12.8 ± 2.0                12.3 ± 1.9
  Hematocrit (%)                 35.9 ± 4.7                  38.9 ± 5.9                37.5 ± 5.6
  Platelet (mm^3^)               252330 ± 71005              243638 ± 80999            244473 ± 76638
  Urine pH                       5.6 ± 0.7                   5.5 ± 0.6                 5.5 ± 0.6
  Urine density                  1012.4 ± 6.7                1013.3 ± 7.1              1012.9 ± 6.9
  24 hour proteinuria (mg/day)   1042.4 ± 1696.7             2019.5 ± 3290.7           1543.0 ± 2678.7

###### 

Patients α-gal a enzyme activity and mutation results.

                                                    Female (*n* = 656, 45.6%)   Male (*n* = 783, 54.4%)   Total (*n* = 1453, 100%)
  ------------------------------------------------- --------------------------- ------------------------- --------------------------
  α-Gal A enzyme activity (μmol/L/h) (Mean ± SD)    2.79 ± 1.68                 3.06 ± 2.09               2.93 ± 1.92
  α-Gal A enzyme activity ≤1.2(μmol/L/h) (*n*, %)   64 (15.9%)                  86 (17.8%)                152 (17%)
  GLA gene mutation (n, %)                          0 (0%)                      3 (0.4%)                  3 (0.2%)

In the present study, which identified that mutations were present in three patients, the prevalence of Fabry's disease mutations in chronic kidney disease patients not on dialysis was found to be 0.2% (0.4% in males, 0.0% in females).

Cases 1 and 2 were admitted for further investigation. Detailed information on demographic and clinical features and laboratory findings were already given in [Table 3](#t0003){ref-type="table"}. Kidney biopsy specimen of index Case 1 was displayed in [Figure 1](#F0001){ref-type="fig"}. The third patient (Case 3) rejected further evaluation.

![Kidney biopsy specimen of index Case 1. (Representative histological section hematoxylin and eosin stain, ×100; Tubular thyroidization, glomerular global sclerosis, interstitial chronic inflammation, arterial medial thickening was observed. Vacuolization of the glomerular tuft and tubular cells was not detected.)](IRNF_A_1254656_F0001_C){#F0001}

###### 

Demographic, clinical, laboratory findings of two cases with Fabry disease.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                            Case 1                               Case 2
  ------------------------- ------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Gender/Age                Male/70 years old                    Male/83 years old

  Etiology                  Diabetic nephropathy                 Hypertensive nephropathy

  Clinical manifestations   Cornea verticillata\                 Cornea verticillata\
                            Cataract\                            Hypertension\
                            Type 2 Diabetes Mellitus\            Coronary artery disease\
                            Coronary artery disease\             LVH (IVS:16 mm, LVPW:15 mm)\
                            LVH (IVS:13mm, LVPW: 12 mm)\         Valvular heart disease (mitral stenosis, maximum/mean gradients; 19/5 mmHg, mitral valve area; 1.6 cm^2^, moderate mitral regurgitation, aortic stenosis maximum/mean gradients; 112/66 mmHg, aortic valve area; 0.80 cm^2^)\
                            Sensorineural hearing loss\          Sympathetic autonomic dysfunction
                            Carpal tunnel syndrome\              
                            Osteoporosis (Total T score -3.3)\   
                            Chronic lacunar infarcts\            
                            Renal cortical exophytic cysts       

  Symptoms                  Hearing loss                         Intolerance to heat\
                                                                 Sweating disorder

  Family history            Premature coronary heart disease     Non-significant

  Creatinine                1.95 mg/dL                           1.81 mg/dL

  24 hour proteinuria       50 mg/day                            58.75 mg/day

  Enzyme activity           0.5 μmol/l/h                         0.3 μmol/l/h

  Mutations                 c.\[937G \> T\] (p.\[D313Y\])        c.\[427G \> A\] p.\[A143T\]

  Renal biopsy              FSGS                                 Not accepted the procedure
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LVH: Left ventricular hypertrophy; IVS: Interventricular septum; LVPW: Left ventricular posterior wall.

The family screening was performed in these two cases with Fabry's disease. The same mutation was detected in the younger brother of Case 1; 49-year-old male in whom the α-Gal A enzyme activity was found to be 2.9 μmol/L/h and his only daughter was determined to be a carrier with an enzyme activity of 2.8 μmol/L/h. The other two younger brothers of Case 1 at 60 and 64 years of age had normal enzyme activities, and no mutation was detected ([Figure 2](#F0002){ref-type="fig"}). Further examination of the younger brother with mutation failed to document renal, cardiac, cranial, ocular, auditory, or dermatological involvement. The daughter of Case 2 had a heterozygous \[427G \> A\] p.\[A143T\] mutation, and her enzyme activity was lower (0.5 μmol/L/h). The two daughters of the grand brother of case 2 at the age of 82 years and 71 years also had the mutation of a carrier; their enzyme activities were 0.9 μmol/L/h and 1.1 μmol/L/h, respectively ([Figure 3](#F0003){ref-type="fig"}). 82-year-old grand brother's daughter revealed only cornea verticillata in further evaluation.

![Pedigree family chart of Case 1.](IRNF_A_1254656_F0002_C){#F0002}

![Pedigree family chart of Case 2.](IRNF_A_1254656_F0003_C){#F0003}

Discussion {#s0008}
==========

Fabry's disease is a genetic disorder that can affect a broad range of organs, and it is likely to be undiagnosed in patients suffering from kidney disease, heart disease, or early stroke. The findings in studies, as in the present study, may contribute to not only achieving the correct diagnosis and improving medical care in these patients, but also to the early diagnosis of their relatives. In low renal involvement (the urine protein to creatinine ratio ≤0.5 g/g and \<50% glomerulosclerosis), treatment with enzyme replacement provides a positive response.[@CIT0015] In patients with mild-to-moderate renal involvement, estimated glomerular filtration rate, serum creatinine, and proteinuria remained stable through long-term enzyme replacement therapy. Baseline proteinuria over 1 g per day, advanced nephropathy (\>50% glomerulosclerosis, creatinine \>1.5 g/dL) and age \>40 years on treatment baseline are associated with poor prognosis.[@CIT0019]

A systematic review was conducted to calculate the overall prevalence of Fabry's disease in patients undergoing dialysis, having left ventricular hypertrophy, or stroke. Data revealed that the prevalence of Fabry's disease in dialysis patients was 0.33% for males and 0.10% for females, in patients with left ventricular hypertrophy ranging from 0.9% to 3.9% in males and 1.1% to 11.8% in females due to the selection of study population and differences in the screening methods, and in premature strokes 4.2% in males and 2.1% in females.[@CIT0020]

The prevalence of Fabry's disease in hemodialysis patients was 0.17% in Turkey, and it has also been reported as 0.02% in Japan in recent publications.[@CIT0014]^,^[@CIT0021] In the present study, Fabry's disease mutations were identified in three male patients out of 1453 patients, yielding a prevalence of 0.2% (0.4% in male); this is the first data in the literature concerning the prevalence of Fabry's disease in chronic kidney disease population not on dialysis.

Various screening methods such as a-galactosidase activity in plasma or leukocytes, plasma Gb3, urinary Gb3, lysosomal α-Gal A protein assay, and dried blood spots on the filter were used in case findings-prevalence studies.[@CIT0005]^,^[@CIT0014]^,^[@CIT0021]^,^[@CIT0022] The measurement of α-Gal A enzyme activity in dried blood spots, carried out by the fluorometric method, provides facilities for the handling of specimens and measurement in comprehensive (large-scale) prevalence studies due to stable enzyme activity up to six months.[@CIT0005]^,^[@CIT0023] The present study was performed with dried blood spots for the reasons mentioned above.

The activity of α-Gal A enzyme in dried blot spots was found to be 6.12 ± 2.28 μmol/L/h and 5.6 ± 2.0 μmol/L/h in healthy subjects, 0--0.08 μmol/L/h in Fabry's patients, below 1.1 and 1.56 μmol/L/h in hemizygous males, values ranging from very low to normal values in heterozygous females; one-third of the females were not identified using the enzymatic assay, due to significant residual enzyme activity.[@CIT0017]^,^[@CIT0023]^,^[@CIT0024] In cardiac variants of men with left ventricular hypertrophy, values ranged from 0.4 to 1.2, ∼4 to 14% of the mean value in the controls was also detected.[@CIT0018]

It has been recommended in males that screening of Fabry's disease is performed by measuring α-Gal A enzyme activity, followed by genetic analysis.[@CIT0025] The values of enzyme activity in heterozygous females are very variable due to the residual enzyme activity, and enzyme assays fail to detect about one-third of heterozygous females. Therefore, genetic analysis of GLA gene has been suggested as a primary tool in females.[@CIT0024] However, genetic testing is expensive, and it costs about 1000 Euro.[@CIT0025] In this study, 656 females were screened preferably by enzyme levels due to the higher costs of genetic testing.

Missense mutations, nonsense mutations, single amino acid deletions and insertions are the common mutations in Fabry's disease.[@CIT0005]^,^[@CIT0025]^,^[@CIT0027] To date, 642 mutations have been identified in the GLA gene.[@CIT0028] The present study revealed A143T and D313Y variants in three patients. Both variants have been reported in the "European newborn studies" as the most common variants.[@CIT0029]

Yasuda et al.[@CIT0030] indicated that expression of the D313Y variant in COS-7 cells resulted in ∼60% wild-type residual enzyme activity and that the enzyme was localized to lysosomes. Also, the D313Y variant was found at a frequency of 0.45% in normal X chromosomes. The mutation D313Y causes low plasma enzyme activity *in vitro* due to neutral plasma; however, in the acid lysosomes, high residual lysosomal enzyme activity was demonstrated, and no significant accumulation of Gb3 and lysosomal Gb3, and no pathologic excretion of urinary Gb-3 has been reported.[@CIT0025]^,^[@CIT0030] Therefore, D313Y mutation was named as pseudo-deficiency.[@CIT0025]^,^[@CIT0030] There was no accumulation in kidney biopsy of our patient in compliance with the previously reported data.

A143T is a missense mutation due to a guanine-to-adenine substitution in codon 143 and has been reported to have 30--49% residual enzyme activity.[@CIT0033] By using electron and light microscopy, no accumulation of Gb3 was observed in skin and kidney biopsy specimens, therefore it is considered to be nonpathogenic.[@CIT0034] In contrast, A143T variant was reported to cause left ventricular hypertrophy and renal type Fabry's disease.[@CIT0035]^,^[@CIT0036] Our A143T mutation patient had advanced heart valve involvement and left ventricular hypertrophy, so it was thought to be a cardiac phenotype. The symptoms of patients with cardiac phenotype emerged after the sixth decade of life. In patients with a cardiac phenotype, left ventricular hypertrophy and/or cardiomyopathy may develop with proteinuria, and renal failure has also been reported.[@CIT0001]^,^[@CIT0009]

In the present study, the prevalence of Fabry's disease was found to be 0.2% in chronic kidney disease patients not on dialysis. Fabry's disease should be taken into consideration in the differential diagnosis of chronic kidney disease with unknown etiology even in the absence of symptoms and signs suggestive of Fabry's disease such as sweating disorders, acroparesthesia, and angiokeratoma. Early diagnosis and treatment using enzyme replacement can be of use in the prevention of progressive disease.
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